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The produdion 01 hydrogen constitutes one of the major operating cmt components of a mal liqueladion 
process, Mernative sources of hydrogen such as synthesis gas, a mixture of W/t$ mming diredly lrom 
a gaslier or steam reformer with minimum processing, can potentially improve the economic 01 a liquefaction 
plant ALSO, il is known that in the presence of an alkali salt, COlyO is very effmive in solubilizing hgh 
oxygen mntaining bw rank coals at relativeiy mild severity mndiioffi‘J. 

Non-ami promoters, like iron‘. mbaltlmolybdate”salts. were found to be adive in enhancing the produdion 
of hydrogen through the water-gas shill (WGS) readion. Wth the addLn of H$, the presence 01 promoters 
had only a minor effed on mal conversion? In a M-stage d i rm  mufled operations. in which adivv of 
the semnd stage hydroprocessing catalyst can be severely reduced bj alkali salts, it is necessary to expbre 
non-alkali pmmoters lor the WGS reaction. This paper dwsses the work using a dbpersed and a 
wpporled nowalkali promoter to catalyze the mal solubilizing step using a mhture of syngas and water. 

PROCESS AND BENCH UNIT DESCRIPTIONS 
Two-stage liquefaction tests were carried out in a bench scale mntinucus flow uniI of nominal capadty 01 
1 Kgh 01 mal feed. Thb unit was conlgurated with M equal volume, fully baduniixed readors. Depending 
on the form of catalyst used, dispersed or sumrled. the first stage was operated either as a slurry reactor 
or an ebullated bed reactor: On the other hands, the semnd stage was utilued as an ebullated bed reactor. 
A simplified process flow diagram is shown in Figure 1. Coal dissohnion occurred in the first stage in the 
presence of y or COM, while the primary ligukjs were further upgraded in the m n d  catalytic stage under 
typical hydraprocessing conditions. 

An interstage separator was used to remove ex= syngaWater. hght distillates and gaseous pcoduds 
generated from the mal solubilizing stage. Produds from the second stage readw were recovered as 
Separator and Afmmpheric Still Overheads. Eonom materials from the Atmospheric Still, coffiisting 01 heavy 
distillates, umver led  coal and ash, was subjeded to pressure filtration. The pressure liquid was recycled 
lor slunying the mal feed. Sullur additives can be injected to both stages. 

CATALYST SCREENING 

Several WGS pcomoters (scdiim carbonate. sodium aluminate. iron oxideslDMDS, ammonium 
heptmiybdate(AHM)1DMDS, Amocat tAIDMDS, Shell 3171DMDS) were evaluated using a 20 C.C. 
miaoautocalve at 399% and 5.5 MPa cold CO pressure with and without solvent. CO and HZ 0 was 
charged at a molar ratio 01 111. These catalysts were ranked according to the degree of the CO conversion. 
The rektive activv ranking is: 

Armat 1 A, Shell 317 > AHM > I$CO>, NaAIO, >> FzOs 

with or withan solvent, as illustrated in Fgufe 2. Higher conversions were observed for tests with no solvenr. 
it was probably due to beller interaction between the reactants and the catalyst 
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BENCH SCALE TESTS 

Two bench runs were conducted to compared the activii 01 AHM and Shell 31 7 NNO extrudate catalyst as 
promoter for the coal solubilizing stage. In CMSL-Q AHM was premked in the feed sluny at a 
mncentratbn equivalent to 1500 wppm of Moon a dry mal basis, while Shell 317 was loaded into the first 
reactor in CMSL-W. Due to the presence of the supported catalyst. the flui Mlume in the first stage was 
25% smaller in CMSL-04. Therefore, for the same feed rate a higher spaw v e k c i  through the first reactor 
was antidpated in CMSL-W. The tun condfins and pedormanw 01 these two tuns are compared in 
Table 1. 

In the c~se of AHM, replacing y wilh COnyYO as reduang gas resuked in 2.53.0 W% higher mal 
conversion and a similar increase in distillate yield. Under similar operating c o n d l i i s ,  in the presem of 
Shell 31 7, the improvement in performance ty using syngas was less significant. less than 1 .O W%. 

In comparing the performance of the first stage catalyst, AHM vs Shell 317, it is necessary to consider the 
different In flui mlume associated with each catalyst. The effedive flui volume was 25 %lower in the case 
of the suppotled catalyst As a result. at the same feed rate, both the wal  conversion and distillate yield 
were lower when Shell 317 was used. Coal conversion reduced from 92.0 W% in CMSL-03 to 87.6 W% in 
CMSLOO, while the distillate yield declined from 64.6 to 58.5 W% under similar process cond l i n .  
However, as anticiied, Shell 317 was more effedive in removing heteroatoms. Nitrogen removal was 10 
W% more effective with Shell 317 than when AHM was used. 

FIRST STAGE PRODUCTS 

The first stage reactor samples exhibited a similar trend as the two stage products in term of conversion and 
producl qualities. as shown in Table 2 The first stage wal  conversion was higher in CMSL-03 than that of 
CMSLOO. Due to the hydrogenation tunaion of the supported catalyst, both the soli and liquid produds 
were richer in hydrogen and lower in heteroatoms. 

Approximately, hall of the distillates were generated from the first stage. The first stage distillates were 
heavier and contained higher boiling materials when qngaslwater was used, as shown in Table 3. In CMSL- 
03 the WC ratio declined from 1.65 and 1.59 when 4 was replaced by COnt, It seems that the removal of 
niirogen was more effective wilh CO/Y-AHM combinatbn. The nitrogen content of the first stage distillate, 
0.057 W%, was 3.8 times lower than when was used. However, such improved pedormanca with COM, 
was not observed when supported catalyst was used as promoter. 
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pmcess COndlHCns 1 2 1 2 
1st slam: 

w100 75/25 0/100 0/1W 
3 8 8 3 8 8 3 8 8  427 

m, 
Temperature. 'c 
Catalyst AHM AHM Shell317 Shell317 

2nd slaw: 
C&H, 0/1W 0/1M 0/1W O/lW . 
Temperam, 'C 427 427 427 427 
Gltalysl Shell 317 Shell 317 Shell 317 Shell 317 

pmcess performance, w% mal coal 
Coal Conversion 89.5 92.0 86.8 87.6 
514'C ConversMl 87.2 89.9 84.6 84.5 
c1c3 6.50 6.56 6.30 7.65 
C4524'C 61.6 64.6 57.6 50.5 
H. Used 7.02 7.73 8.10 9.61 

I H'DN I 75.9 I 84.8 I 96.9 95.1 I 

Roeess Conditions 

Coal Canversion, W% 
WC Ralio 

Filter Liquid 
Filler Scl i  

N in Filter Liquid 

79.5 77.5 

1.36 1.25 
0.94 0.89 
0.22 0.35 

Recess c o n d m  

VI GraVay 
BP, 'C 
%P, 'C 

4sTy D88 Dlstllhtbn, w% 
IBP-177-c 

260-343% 
343.C 

Carbon 

i n - 2 w c  

E l ~ A n a l y s $ , w %  

L Y  
N i m n  
HIC Ratio 

CmSL.03 
1 

26.9 
85.0 
414 

14.1 
10.3 
51.6 

85.56 
11.74 
0.079 
0.22 
1.65 

CMSL.03 
2 

22.9 
83.3 
422 

12.4 
10.5 
45.6 

86.00 
11 3 7  
0.086 
0.057 
1.59 

CMSL4.l 
1 

31.3 
88.3 
427 

35.22 
9.43 
26.7 

86.62 
12.67 
0.015 
0.075 
1.76 

CHsL04 
2 

25.2 
95.0 
431 

23.7 
10.5 
27.5 

86.84 
11.67 
0.M 
0.198 
1.61 
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